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ABSTRACT: Biorefinery concepts have attracted much attention over the past years, since these integrated systems based on renewable carbon sources can substitute a wide range of chemical syntheses and supply the global society with renewable energy in the form of biofuels, but the challenge is to make the carbon footprint as low as possible. It has to outrange the fossil transport fuels and the old first generation biofuels, fossil fuel energy generation based. The biotechnological approach exerts some fundamental advantages compared to the classical chemical synthesis. Low process temperature, low energy consumption, and high product specificity are the most important ones. 

Meanwhile, many biorefinery projects have been criticized for not being sustainable and they often hit very low scores in Life Cycle Analyses compared to fossil fuel technology, since current biorefineries utilize fossil fuels for both cultivation of the agricultural feedstocks and the biorefining itself. The core in any biorefinery concept must be to utilize the feedstock(s) optimally and to exert optimal energy efficiency, mainly based on renewable energy in order for the concept to be truly sustainable. In the context of bioenergy production, the best possible carbon dioxide reduction effect must also be obtained given the circumstances. The challenge is to make biomass based products with as low carbon footprint as possible. Biomass have to have its origin from existing farmland and following international sustainability criteria’s.

Several large-scale biorefinery projects are being planned in Denmark in these years. The debate is very much focused on the applied technologies in the proposed concepts. In this paper, the authors would like to draw the attention to the base assumptions feedstock yield (kg dry matter ha-1) and feedstock composition. Feedstock’s such as sugar beets and maize silage both have huge potentials in the context of biorefining and can show excellent efficiencies provided they are cultivated and processed in a sustainable way. We are looking further than merely discussing generations of technology. 

Two biorefinery concepts have been developed, R&D evaluated before construction. They differ with respect to the feedstock’s they utilize; maize silage (corn-silage) and whole sugar beets crops (including leafs and stems). 

Case 1: Tønder Biofuel initiative is a biorefinery project in the southern part of Denmark. Although still being in the planning and financing phase, the project integrates many state-of-the-art solutions as well as innovative technology. The biorefinery concept integrates production of bioethanol for transportation purposes, biogas generation for on-site combined heat and power production, and manufacturing of animal feed based on protein-rich residual from the fermentation processes. Future add-ons include a facility for biodiesel production or higher value chain products in the second project phase.

Case 2:  Djursland Biofuel initiative involves farmers in further on-farm processing, instead of just selling feedstock’s to biorefineries, the crop is being fermented at the farm site or in small groups of farms. After fermentation, the broth is separate by means of low technology equipment at the farm before being transported to centralized processing plants in tankers. The final energy demanding distillation is partly carried out centrally. By increasing R & D for ethanol-water separation at mobile units or by innovation technology the first distilling steps should be handled at the farms. This is truly integration of the farmers in the entire value chain allowing them to take part in higher profit rate of the value chain.

Various pre-treatment steps are under consideration including wet milling, thermal hydrolysis among others. Advanced Process Analytical Technologies also have to be integrated into the biorefineries in order to ensure on-line optimal process control increased yield.
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Introduction
The interest in renewable energy sources has in this decade gained increasingly interest due to climate change and paradigm changes from fossil based economies. Many nations all over the World are allocating massive resources in developing energy systems based on renewable energy sources. In the light of the renewed interest, the bioenergy sector has been critisised for affecting the global food market negatively due to the increased demand for food crops for energy production. This criticism is mainly pointed towards the United States bioethanol production based on corn. 

In Denmark, a long experience of centralised biogas production from co-digestion of animal manure and industrial organic waste is present. These centralised biogas plants can be considered as simple biorefineries converting complex biological media with alternating composition into renewable energy (biogas) and organic fertiliser (digestate). At the same time, the centralised biogas plants effectively reduce the risk of transferring pathogens (contained in the raw manure) from farm to farm. Many economic evaluations and reports have been made describing this biorefinery concept in detail.

Christensen et al (2007) described, how recent and emerging technologies (e.g. wet oxidation, thermal hydrolysis etc.) can contribute to a significant lift of the Danish biogas production capacity enabling biogas to become one of the cornerstones in the Danish primary energy production. It is a matter of maturing promising technology, integrating with agricultural activities, and optimising the overall process performance. These ideas and concepts can be transferred to biorefineries utilising other substrates as well. 

Agricultural biomass from 10-15 percent farmland from the non-productive soil types is seriously under conciderations, Holm-Nielsen (2008). Biofuels made from waste biomass or from biomass grown on degraded and abandoned agricultural lands planted with perennials incur little or no carbon debt, and can offer immediate and sustained green house gas reductions, Fargione et al. (2008). 

Kamm et al (2006) presented some general perspectives on, how to optimise the energy efficiency of a biorefinery. The concepts that are currently being installed are far from optimal with respect to energy efficiency and economic robustness. Innovative solutions have to be developed and implemented. 

This paper presents two recent Danish biorefinery concepts that are based on utilisation of whole crops thereby maximizing the primary energy input. The first concept, Tønder, is a multiline concept depending on maize silage and grain while the second, Djursland, utilises sugar beets.
Case I: Tønder Bioenergy symbiosis case study
A new Tønder BioEnergi Park project is currently being realised in Southern Denmark. It is the first large bioethanol plant built in Southern Denmark. 
Currently Bio-Energipark Tønder is about to establish a bioethanol and biogas production. Later the plan is to integrate biodiesel or higher value products into the product range.
Within this Bio-Energipark project it is planned to combine biofuels: biogas, bioethanol and biodiesel production in symbiosis with combined heat and power generation (CHP), fodder and fertiliser production. The general plan of BioEnergi Park project is shown in Figure 1.


Figure 1. Bio-Energipark Tønder concept [NIRAS 2007] 

Further plans for optimisation of bioethanol production in Tønder BioEnergi Park are represented by application of two separate lines of substrates: grains (the price of this material is fluctuating, because it is also a substrate for food production) and maize silage (the price of this material can be considered more stable).
Integrating two lines of substrates - one composed of starch and second composed of starch-lignocellulose - can enhance the overall bioethanol yield and efficiently lower the production costs. The location of the planned Energy Park is depicted in Figure 2.


Figure 2. Location of the Danish city Tønder.
Materials and Methods
In order to evaluate the potential of maize silage as a substrate for production of bioethanol, Simultaneous Saccharification and Fermentation (SFF) trials were performed in 250 mL BlueCap flasks. The substrate was subjected to three different pre-treatment methods prior to fermentation: dilute acid hydrolysis, microwave irradiation (in temperature range of 80-130oC) and wet milling.

The SSF trials were performed with six different enzyme levels and three different substrate amounts (in the range of 4-14 g total solids). Temperature and pH were maintained at optimal values during the process (32ºC and 4.8 respectively).  Experiments were sustained for approx. 300 hours aiming at evaluating the optimal yield.

Ethanol production was measured daily by gravimetric method. Glucose concentrations before and after the fermentation process were determined by High Pressure Liquid Chromatography (HPLC). Ethanol content in the ferment was quantified by use of gas chromatography after the fermentation process.
Results
The comparison among six of the best ethanol producing results can be seen in Table 1 below. The highest ethanol yields are assigned to wet milled maize silage. Microwave irradiation at 90-100ºC turned out to be also an efficient pre-treatment, with results comparable with a chemical well known method - dilute acid hydrolysis.

Pre-treatment	Ethanol  yield [g/100gTS]	Stdev [g/100gTS]
Wet milling + microwave	29.43	0.48
Wet milling 	28.96	0.89
Wet milling + autoclave	27.73	0.75
Dilute acid hydrolysis	25.03	2.89
Microwave 100ºC	24.85	0.76
Microwave 90ºC	23.57	1.49
Table 1. Comparison among six of the best ethanol producing results. [Cybulska et al. 2008]

Although the highest ethanol yield obtained resulted from wet milled maize silage, these samples showed slow activation time in comparison with e.g. silage hydrolysed with dilute acid. This effect was probably caused by non-efficient mixing during the enzymatic treatment as well as during the fermentation due to lack of proper liquefaction of the material, which result in non uniform distribution of enzymes.
Case I: Conclusion of the Tønder Biorefinery case
From the experimental results the following conclusions can be drawn:

1.	Maize silage is a promising feedstock for bioethanol production.
2.	Pre-treatment of maize silage is necessary in order to guarantee efficient enzymatic hydrolysis.
3.	Wet milling is a very efficient pre-treatment method for maize silage giving bioethanol yields up to 29gEtOH/100gTS. It is also cost-reducing, since it does not involve use of chemicals or high temperatures and pressures.
4.	Microwave irradiation turned out to be also efficient pre-treatment applied alone or in combination with e.g. wet milling. However, during an efficient microwave pre-treatment of maize silage the temperature should be kept around 90-100ºC and addition of water should be always applied to the sample.
5.	Maize silage substrate should be liquefied properly (e.g. by adding more than 1:1 of demineralised water and using more than 8gTS loading) to increase mixing and sampling efficiency.
Case II: Djursland Biofuel-decentralized biorefinery product case study
The idea behind the Djursland concept is that farmers cultivate sugar beets (Beta vulgaris) and perform simple but robust fermentations at the farms.

The broth after the fermentation is separated by means of low technology equipment at the farm before being transported to centralised processing plants in tankers. The energy demanding distillation is carried out centrally. In the current phase of the planning, decentralised farm-scale fermentation plants and centralized distillation plants are planned as depicted in Figure 3.


Figure 3. Djursland Biofuel facilities location. [Ebert 2008] 
Materials and Methods
Simultaneous saccharification and fermentation (SFF) trials were performed in 250mL flasks. Representative sample of sugar beets from Djursland were used as raw materials. The experiments were based on 8g of dry matter of sugar beets, three levels of enzymes, three levels of yeast, called L1, L2, and L3 (L1<L2<L3) for confidentiality reasons, and two different temperatures (15°C and 25°C). The fermentations were ended after fifty days.

A first micro fermentation was conducted with and without addition of inert gas into the fermentation flask, in order to assess whether the environment is getting anaerobic by itself or attention is needed prior to the fermentation start.

Ethanol production was measured daily by gravimetric method. Glucose concentrations before and after the fermentation process were determined by High Pressure Liquid Chromatography (HPLC). Ethanol content in the ferment was quantified by use of gas chromatography after the fermentation process.
Results
The following table (Table 2) shows the first trial with and without addition of nitrogen. It can be concluded that the environment is getting anaerobic after the fermentation starts no major difference can be noticed from the two data sets.

	Without Nitrogen [g/100gTS]	With Nitrogen [g/100gTS]
	Average	Stdev	Average	Stdev
0h	0.0	0.0	0.0	0.0
4h	13.3	2.0	14.0	1.1
25h	23.4	1.0	24.3	0.2
51h	24.7	0.9	25.4	0.2
73h	25.1	1.1	26.1	0.6
142h	27.1	1.0	27.8	0.7
226h	28.7	0.9	29.2	1.1
237h	29.3	0.8	29.6	1.2
291h	30.3	0.9	30.6	1.4
Table 2. Micro fermentation result with and wihtout addition of inter gas. [Boland et al. 2007]

As shown by Table 3, this laboratory scale feasibility study leaded to good results and hopes for a full scale exploitation of such a low cost and easy fermentation process.

Ethanol yield at 15°C [g/100gTS]
	15d	Stdev	25d	Stdev	50d	Stdev
Enz. L1 Yeast L1	30.4	0.4	31.0	0.2	32.7	0.0
Enz. L1 Yeast L2	30.3	0.8	31.0	1.0	32.5	1.6
Enz. L1 Yeast L3	31.5	2.3	32.3	2.9	33.3	3.3
Enz. L2 Yeast L1	32.8	0.4	33.5	0.7	34.3	1.3
Enz. L2 Yeast L2	32.8	1.4	33.5	1.8	34.3	2.1
Enz. L2 Yeast L3	33.7	0.5	34.5	0.4	36.1	0.9
Enz. L3 Yeast L1	34.2	2.5	34.5	2.8	36.0	3.5
Enz. L3 Yeast L2	37.5	1.0	37.9	0.9	39.8	2.1
Enz. L3 Yeast L3	37.5	0.3	38.1	0.4	39.8	0.8
Ethanol yield at 25°C [g/100gTS]
	15d	Stdev	25d	Stdev	50d	Stdev
Enz. L1 Yeast L1	34.4	3.9	36.9	5.9	42.6	11.3
Enz. L1 Yeast L2	33.4	0.8	35.6	1.5	38.9	2.2
Enz. L1 Yeast L3	33.6	0.8	35.2	0.7	38.0	0.8
Enz. L2 Yeast L1	35.4	0.5	36.9	0.6	39.8	1.2
Enz. L2 Yeast L2	35.2	1.2	36.3	1.4	39.0	1.9
Enz. L2 Yeast L3	36.0	2.9	37.4	4.4	40.5	7.9
Enz. L3 Yeast L1	38.5	1.1	49.7	1.2	42.5	2.0
Enz. L3 Yeast L2	39.9	0.5	41.5	0.5	44.7	0.2
Enz. L3 Yeast L3	40.7	1.0	42.1	1.1	44.8	1.7
Table 3. Comparison of ethanol yeild after 15, 25, and 50 days for the considred temperatures, between enzymes levels and yeast levels. [Boland et al. 2007]

The best yields were reached for the third level of enzymes while the results are more or less the same for all three levels of yeast (results highlight in italic in Table 3.). Therefore, it can be concluded that enzymes content have a significant influence on ethanol production.
Case II: Conclusion the Djursland Biorefinery case
From the trials performed in the laboratory of Esbjerg Institute of Technology, Aalborg University, the following conclusions can be drawn:

1.	There is no need to flush the reactor tank with inert gas prior to the fermentation. 
2.	The environment is getting anaerobic quickly after the addition of yeast due to production of carbon dioxide.
3.	From 70 % to 80 % of the final yield is reached during the first 48 hours of fermentation.
4.	The fermentation can be operated successfully in the temperature range spanning from 15°C to 25°C.
5.	Enzyme concentration has a significant influence on final ethanol yield, while yeast concentration has an insignificant influence.
6.	Both ethanol production and glucose consumption are most intensive during the first 72 hours of fermentation.
7.	After 25 days of fermentation, the ultimate ethanol yield has been reached.
Perspectives and recommendations
There is a growing need for efficient biofuels production method in the bioenergy sector, since in accordance to the Kyoto II Protocol in the year 2020; biofuels should represent 20% of all automotive fuels. The search for the best technology of production is targeted towards choice of the most available and efficient feedstock, as well as pre-treatment methods and energy savings. 
Lignocellulosic materials as the second generation of biofuels feedstock are the answer for the need of high yield, non food-competitive substrate. However, in this case, choice of effective pre-treatment method is one of the key factors. Current research is heading towards methods involving especially intelligent pretreatment processes like high temperatures, pressures and/or hydrolysis steps. Optimisation of the biofuels production includes also the search of most efficient energy utilization, by integrating several biochemical processes in one biorefinery. First step in this direction can be combining bioethanol and biodiesel production with biogas - anaerobic digestion production, generating heat and power required for the entire biorefinery process. This concept is going to be realised by both case I; Tønder Biofuel Project and case II Djursland Biofuels Project, using also second generation lignocellulosic feedstock in various concepts.
However, besides obtaining biofuels and animal feedstock’s, biomass complex composition allows producing a wide range of biobased chemicals, polymers, or pharmaceuticals, but there is still a need for simple and robust technologies for its processing, including low energy input and energy efficiencies introduced in all steps.
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